A novel sulfate-reducing bacterium (strain JS1 T ) was isolated from lake Pangong, a salt-water lake situated in the Himalayas of Leh District, Jammu and Kashmir, India. Cells of strain JS1
JS1
T within the phylogenetic tree indicated that it clustered closely with Desulfovibrio acrylicus DSM 10141 T (89.85 % sequence similarity). On the basis of phenotypic and molecular genetic evidence, it is proposed that strain JS1 T be classified as a novel species of the genus Desulfovibrio of the family Desulfovibrionaceae, with the species name Desulfovibrio psychrotolerans sp. nov. The type strain of the species is JS1 T (5JCM 14597
The family Desulfovibrionaceae of the class Deltaproteobacteria is presently comprised of three genera with validly published names, Desulfovibrio, Bilophila and Lawsonia. The genus Desulfovibrio comprises 47 species and three subspecies with validly published names. The members of Desulfovibrio are widely distributed in fresh to saline and hypersaline waters or sediments, either from surface or subsurface habitats (Voordouw, 1995; Widdel & Bak, 1992; Basso et al., 2005) . Members of the genus Lawsonia are obligately intracellular and members of Bilophila were isolated from clinical samples; each genus is represented by a single species (Kuever et al., 2006) . The most commonly used electron acceptors for growth by the members of the genus Desulfovibrio are sulfate or thiosulfate, while for members of Bilophila and Lawsonia it is sulfite or thiosulfate (Baron, 1997; McOrist et al., 1995) . All known members of the family Desulfovibrionaceae are mesophiles and have a narrow growth temperature range of 25-45 uC, except for the two psychrotolerant species, Desulfovibrio frigidus and Desulfovibrio ferrireducens, which grow at freezing point of seawater, i.e. 22 u C (temperature optima at 20-23 u C) (Vandieken et al., 2006) . All members of the family Desulfovibrionaceae are neutrophiles, except for Desulfovibrio alkalitolerans which has a pH optimum of 9.0-9.4 (Abildgaard et al., 2006) . Except for Bilophila wadsworthia, all other members of the Desulfovibrionaceae are catalasenegative. The strong catalase reaction of Bilophila serves as a marker for the differentiation of the members of the genus Bilophila from the members of the other genera (Baron, 1997) . In this communication, we propose a novel species of the genus Desulfovibrio, Desulfovibrio psychrotolerans sp. nov., which is catalase-positive, psychrotolerant and moderately alkaliphilic, represented by strain JS1 T , isolated from the salt-water lake Pangong of the Himalayas, in the Leh District of Jammu and Kashmir, India.
Mud and water from lake Pangong was collected in a sterile polypropylene bottle. The lake is situated at an altitude of 4250 m above sea level and extends from India to Tibet in China with 134 km length and 5 km width. The GPS positioning of the sample collection site is 33 u 579 40.510 N, 78 u 259 34.690 E. Enrichment of the sample was carried out in the medium of Eichler & Pfennig (2001 ) as electron acceptor in fully filled screw-capped test tubes (106100 mm) and incubated at 28±2 u C. Purification was achieved by repeated streaking of the culture on agar slants (256150 mm) of Postgate B medium sealed with Suba seals and flushed with argon gas. Pure cultures were grown in the same medium (broth) in completely filled screwcapped test tubes (106100 mm) for anaerobic growth.
Morphological properties (cell shape, cell size, motility) were observed by phase-contrast light microscopy (Olympus BH-2) and flagellar position and number through a transmission electron microscope (H-7500; Hitachi). The presence of bisulfite reductase (desulfoviridin) was determined as described previously (Postgate, 1984; Bale et al., 1997) . Utilization of organic compounds as carbon sources/electron donors for organoheterotrophic growth was tested in a medium containing the specific organic compound (0.35 % w/v or v/v) in the presence of yeast extract (0.1 % w/v). , NaNO 3 , NaNO 2 and C 4 H 4 O 4 (fumarate)] were added to the medium at 0.05 % w/v. Nitrogen source utilization was tested by replacing ammonium chloride with different nitrogen sources [NaNO 3 , NaNO 2 , CO(NH 2 ) 2 (urea), NH 4 Cl (at 0.1 % w/v) and N 2 gas (gas phase was replaced with dinitrogen in the tube sealed with a Suba seal)]. Lithoautotrophic growth was determined by growth without yeast extract under H 2 as electron donor and NaHCO 3 (0.35 % w/v) as sole carbon source. Vitamin requirement was tested by replacing yeast extract with different vitamins [vitamin B 12, biotin, niacin, p-aminobenzoate (PABA), pantothenic acid, pyridoxal phosphate, riboflavin, thiamine and a cocktail of all the above vitamins] as growth factors. Diazotrophy of the strain was tested as described by Srinivas et al. (2007) . Biochemical tests were carried out in Postgate medium B modified appropriately to meet the requirements of standard methods (Cappuccino & Sherman, 1998) . Acid phosphatase activity was determined as described by Pikovskaya (1948) in Postgate medium B supplemented with tricalcium phosphate (0.05 % w/v) as sole phosphorus source. Growth was measured in terms of OD at 540 nm from cultures which were centrifuged (15 000 r.p.m. for 15 min) and resuspended in distilled water.
Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C content was determined by HPLC (Mesbah et al., 1989) . Cell material for 16S rRNA gene sequencing was taken from 1-2 ml well-grown liquid cultures. DNA was extracted and purified by using a Qiagen genomic DNA extraction kit. PCR amplification and 16S rRNA gene sequencing was done as described earlier (Imhoff et al., 1998) . Sequences were aligned using the program CLUSTAL_X (Thompson et al., 1997) and the alignment was corrected manually. The CLUSTAL_X alignment file was used as the input file to the program SEQBOOT in the PHYLIP package (Felsenstein, 1989) and the output file of SEQBOOT was used as the input file for maximum-likelihood analysis with 100 datasets and five times jumbling. One single tree was produced using 100 trees generated during maximum-likelihood analysis using the program CONSENSE. A final dendrogram with evolutionary distances was constructed by taking the alignment .phy file as the infile and the consensus tree as the intree in the maximum-likelihood program of the PHYLIP package.
A mixture of water and mud sample was collected on 20 May 2006 at around midday from lake Pangong. The sample that yielded strain JS1
T had a pH of 8.6, salinity of 1-2 % NaCl and a temperature of 5 u C at the time of collection. The sample was inoculated into a sterile screwcapped tube filled with Eichler and Pfennig's medium (for obtaining the enrichment of green sulfur bacteria) and incubated at 28±2 u C. However, black enrichments were obtained after 10 days of incubation, indicating the presence of sulfate-reducing bacteria. The culture obtained was subcultured into Postgate B medium and subsequently purified on agar slants of the same medium sealed with Suba seals and flushed with argon to create anaerobic conditions. After 10 days of incubation, small, round, transparent colonies were observed, which initially formed a black zone around them, turning the whole slant black within 2 days of growth. The pure culture of JS1 T was maintained by repeated subculturing on the slants and also in the broth medium. The slants were also preserved under refrigeration at 4 u C. Growth occurs under anaerobic conditions and the cells are aerotolerant (can be transferred outside an anaerobic glove box).
Individual cells of strain JS1
T were vibriod, 0.5-2.0 mm long and 0.3-0.8 mm wide. Electron microscopy showed that the cells have a single polar flagellum ( Supplementary Fig. S1 T is 6.0-10.0 with an optimum at pH 8.5-9.0. The growth temperature range is 10-50 u C with an optimum at 28-30 u C. PABA is required as a growth factor. When treated with 2 M NaOH, the culture pellet showed red fluorescence and absorption at 365 nm, indicating the presence of desulfoviridin. Starch was hydrolysed by strain JS1 T , as indicated by a clear zone around the colony when flooded with iodine solution while growing on Postgate medium supplemented with starch (1 % w/v). Catalase reaction was strongly positive, as indicated by quick and profuse effervescence when the culture was treated with H 2 O 2 . Gelatin was not liquefied, indole was not produced from tryptophan and lipase and urease activities were not observed. Acid formation from glucose was not observed and acid phosphatase was not produced by the culture. The G+C content of the strain JS1
T is 49.3 mol% (by HPLC).
The phylogenetic relationship of strain JS1 T to other sulfate reducers was examined by 16S rRNA gene sequencing. The nearly complete 16S rRNA gene sequence of the bacterium demonstrated the similarity between strain JS1
T and the members of the genus Desulfovibrio. The position of strain JS1
T within the phylogenetic tree ( Fig. 1) indicated that it clustered closely with Desulfovibrio acrylicus DSM 10141 T (89.85 % sequence similarity, based on phylogenetic analysis). Because of this low sequence similarity, strain JS1 T could possibly be described as a representative of a new genus of sulfate-reducing bacteria. However, due to its phylogenetic position within the large Desulfovibrio cluster and its physiological traits (Table 1) , which are similar to those of most Desulfovibrio species (Kuever et al., 2006) , it is proposed that strain JS1
T be classified in the genus Desulfovibrio as Desulfovibrio psychrotolerans sp. nov. An additional strain representing Desulfovibrio psychrotolerans, JS2, was isolated from mud along with water at Sarchu, on Pangong salt-water lake.
Description of Desulfovibrio psychrotolerans sp. nov.
Desulfovibrio psychrotolerans (psy.chro.to9le.rans. Gr. adj. psychros cold; L. pres. part. tolerans tolerating; N.L. part. adj. psychrotolerans cold-tolerating).
Cells are vibrio-shaped, 0.5-2.0 mm long and 0.3-0.8 mm wide and motile by single polar flagellum, Gram-negative and non-spore-forming. Growth occurs under anaerobic conditions, but the cells are aerotolerant. Cells are moderately alkaliphilic (optimum pH 8.5-9.0) and psychrotolerant (10-50 u C). Chemo-organoheterotrophy with various organic compounds is the preferred mode of growth. Carbon sources that support good growth are lactate, pyruvate, malate, formate and succinate. Growth also occurs on butanol and ethanol. Sulfate is the only electron acceptor utilized. PABA is required as a growth factor. Starch is strongly hydrolysed and catalase is produced. Gelatin is not liquefied and indole is not produced from tryptophan. Lipase and urease activity are absent; acids from carbohydrates and acid phosphatase are not produced. The G+C content of the type strain is 49.3 mol% (by HPLC).
The type strain JS1 T (5JCM 14597 T 5KCTC 5573 T 5 DSM 19430 T ) was isolated from lake Pangong, a salt-water lake situated in the Himalayas, Leh District, Jammu and Kashmir, India. 
